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Description

[Technical Field]

[0001] Embodiments of the disclosure described herein relate to a technology associated with a diffusion lens for
diffusing light of a light source.

[Background Art]

[0002] Recently, thin flat panel display devices, such as a liquid crystal display (LCD), an organic light emitting diode
(OLED) display, and the like, have been actively developed.
[0003] The LCD may include a liquid crystal display panel for displaying an image and a backlight panel for supplying
light to the liquid crystal display panel. Because the liquid crystal display panel is a non-emissive element, the backlight
panel for supplying light may be located. Depending on an arrangement state of liquid crystal, the liquid crystal display
panel may adjust the amount by which light emitted from the backlight panel passes through the liquid crystal display panel.
[0004] Backlight panels are classified into an edge type backlight panel and a direct type backlight panel depending
on the positions of light sources. The edge type backlight panel has a structure in which light sources are installed on
side surfaces of a light guide plate, and the direct type backlight panel has a structure in which a plurality of light sources
are disposed under a liquid-crystal light-guide plate. The direct type backlight panel may use diffusion lenses that diffuse
light of a plurality of light emitting elements under a display panel so as to uniformly supply the light to the display panel.
Such diffusion lenses are e.g. disclosed in CN 104 456 416 A, KR 2013 0079113 A, KR 2016 0074371 A, EP 2 821 836
A1, KR 2016 0051292 A, US 2014/177235 A1, CN 103 883 985 A and US 2016/327239 A.
[0005] Furthermore, this technology for supplying light to the display panel may be used for surface light source lighting
that can be applied to a general lighting device or an interior lighting device of a refrigerator.

[Disclosure]

[Technical Problem]

[0006] The plurality of light emitting elements of the direct type backlight panel may be located under the display panel
to ensure high luminance. However, the luminance may not be uniform depending on the positions of the plurality of
light emitting elements. In particular, when point light sources, such as light emitting diodes (LEDs), are used as the light
emitting elements, a light bounce phenomenon may arise in which light is concentrated on a specified region of a diffusion
plate, and luminance unevenness may be caused in the diffusion plate by the light bounce phenomenon. An image
output through the display panel to which light is supplied from the backlight panel having the luminance unevenness
may distract a user. Light emitting elements for compensating for the luminance unevenness may be additionally installed,
but the additional installation may lead to an increase in manufacturing costs.
[0007] A diffusion lens according to various embodiments of the disclosure may diffuse light generated from a light
emitting element to prevent the light from intensively reaching a specified region of a diffusion plate, thereby uniformly
improving light distribution in the diffusion plate.

[Technical Solution]

[0008] According to the invention, a diffusion lens according to claim 1 is provided. The diffusion lens includes a first
lens surface having a concave curved shape such that light generated from a light source is incident on the first lens
surface, a second lens surface having a convex curved shape such that part of the light incident on the first lens surface
is output from the second lens surface, a side surface extending from a periphery of the second lens surface in a vertical
direction of the diffusion lens such that part of the rest of the light incident on the first lens surface is output from the side
surface, and a bottom surface extending from a periphery of the first lens surface in a horizontal direction of the diffusion
lens to meet a periphery of the side surface. Rates of change of the first lens surface and the second lens surface have
the same sign, and a pattern in which arbitrary shapes are irregularly disposed or a pattern in which specified shapes
are regularly or irregularly disposed is formed on the side surface and the bottom surface to diffuse the light passing
through the side surface and diffuse the light reflected by the bottom surface. The pattern on the bottom surface is formed
on part of the bottom surface, wherein a diameter ratio d/D between a diameter "d" of a region where the pattern of the
bottom surface is formed and a diameter "D" of the bottom surface ranges from 0.90 to 0.94.
[0009] A display device according to an embodiment of the disclosure includes a backlight panel including a plurality
of light emitting diodes (LEDs) disposed at specified intervals, a plurality of diffusion lenses disposed on the plurality of
LEDs, respectively, and a diffusion plate that diffuses light incident from the plurality of diffusion lenses, and a display
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panel that displays an image.

[Advantageous Effects]

[0010] According to the embodiments of the disclosure, the diffusion lens has a diffusion lens surface formed such
that there is no inflection point in the rate of change of curvature, thereby achieving a high production yield and an
excellent assembly tolerance and uniformly improving light distribution in a diffusion plate even when the distance
between the light source element and the diffusion plate is short. Furthermore, the diffusion lens has, on the side surface
and the bottom surface thereof, the pattern in which the arbitrary shapes or the specified shapes are regularly or irregularly
disposed and diffuses light generated from a light emitting element to other regions, thereby more uniformly improving
distribution of light reaching the diffusion plate.
[0011] Moreover, the display device having the diffusion lenses installed therein maintains the luminance of light in
the diffusion plate of the backlight panel at a specified value or more by using a small number of light emitting elements,
thereby reducing manufacturing costs of the display device.
[0012] In addition, the disclosure may provide various effects that are directly or indirectly recognized.

[ Description of Drawings]

[0013]

FIG. 1 is a view illustrating a diffusion lens according to various embodiments.
FIG. 2 is a view illustrating paths of light by the diffusion lens according to various embodiments.
FIG. 3 is a view illustrating specified shapes regularly arranged on a bottom surface of the diffusion lens according
to an embodiment.
FIG. 4 is a view illustrating specified shapes irregularly arranged on the bottom surface of the diffusion lens according
to an embodiment.
FIG. 5 is a graph depicting distribution of light diffused by a pattern formed on the bottom surface of the diffusion
lens according to various embodiments.
FIG. 6 is a graph depicting luminance at a peak point depending on the diameter of a region where a pattern is
formed on the bottom surface of the diffusion lens according to various embodiments.
FIG. 7 is a graph depicting luminance distribution depending on the diameter of the region where the pattern is
formed on the bottom surface of the diffusion lens according to various embodiments.
FIG. 8 is a graph depicting relative luminance depending on the diameter of the region where the pattern is formed
on the bottom surface of the diffusion lens according to various embodiments.
FIG. 9 is a view illustrating a light bounce phenomenon caused by patterns formed on bottom surfaces of diffusion
lenses according to various embodiments.
FIG. 10 is a graph depicting a reduction of a light bounce phenomenon by a pattern formed on the bottom surface
of the diffusion lens according to various embodiments.
FIGS. 11 to 13 are views illustrating patterns in which specified shapes are regularly arranged and that are formed
on the side surface of the diffusion lens according to an embodiment.
FIG. 14 is a view illustrating a reduction of a light bounce phenomenon by patterns formed on side surfaces of
diffusion lenses according to various embodiments.
FIG. 15 is a distribution diagram illustrating the amount of light reaching a diffusion plate through the diffusion lens
according to various embodiments.
FIG. 16 is a graph depicting relative luminance of a light bounce phenomenon occurrence region depending on the
radius of hemisphere shapes formed on the side surface of the diffusion lens according to an embodiment.
FIG. 17 is a graph depicting luminance distribution depending on the radius of the hemisphere shapes formed on
the side surface of the diffusion lens according to an embodiment.
FIG. 18 is a distribution diagram illustrating the amount of light reaching a diffusion plate by patterns formed on the
side surface and the bottom surface of the diffusion lens according to various embodiments.
FIG. 19 is a view illustrating a configuration of a display device including diffusion lenses according to various
embodiments.
FIG. 20 is a block diagram of an electronic device in a network environment according to various embodiments.
FIG. 21 is a block diagram of a display device according to various embodiments.
With regard to description of the drawings, identical or similar reference numerals may be used to refer to identical
or similar components.
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[ Mode for Invention]

[0014] Hereinafter, various embodiments of the disclosure may be described with reference to accompanying drawings.
Accordingly, those of ordinary skill in the art will recognize that modification, equivalent, and/or alternative on the various
embodiments described herein can be variously made without departing from the scope and spirit of the disclosure.
[0015] FIG. 1 is a view illustrating a diffusion lens according to various embodiments.
[0016] Referring to FIG. 1, the diffusion lens 100 may be disposed to cover a light emitting element (or, a light source)
10a (e.g., a light emitting diode (LED)) that is installed on a printed circuit board (PCB) 10. A diffusion plate 20 may be
spaced apart upward from the diffusion lens 100. An air gap may exist between the diffusion plate 20 and the diffusion
lens 100. Accordingly, light generated from the light emitting element 10a may be sent out from a backlight panel through
the diffusion lens 100 and the diffusion plate 20.
[0017] According to an embodiment, the diffusion lens 100 may be formed in a three-dimensional structure to cover
the light emitting element 10a. According to an embodiment, the diffusion lens 100 may have a bilaterally symmetric
shape with respect to an optical axis "a". Furthermore, the diffusion lens 100 may have rotational symmetry with respect
to the optical axis "a". The direction of the optical axis "a" may be, for example, an axis extending from the light emitting
element 10a in a vertical direction.
[0018] According to an embodiment, the diffusion lens 100 may be formed of a material through which the light
generated from the light emitting element 10a is able to transmit. For example, the diffusion lens 100 may be formed of
a material having a transmittance of 70% or more and a refractive index of 1.40 to 1.70 in the visible region.
[0019] According to an embodiment, the diffusion lens 100 may include a first lens surface 110, a second lens surface
120, a side surface 130, a bottom surface 140, and a support 150. Not all the components illustrated in FIG. 1 are
essential, and the diffusion lens 100 of the disclosure may include more or fewer components.
[0020] According to an embodiment, the first lens surface 110 may be formed inside the diffusion lens 100. For example,
the first lens surface 110 may be formed by a light source element receiving section formed inside the diffusion lens
100. According to an embodiment, a vertical section of the first lens surface 110 may have a curved shape. Furthermore,
the first lens surface 110 may have rotational symmetry with respect to the optical axis "a". Accordingly, the first lens
surface 110 may have a concave curved shape.
[0021] According to an embodiment, the light emitting element 10a may be received in the light source receiving
section of the diffusion lens 100. Accordingly, the light generated by the light emitting element 10a may be incident on
the first lens surface 110. According to an embodiment, the light incident on the first lens surface 110 may be firstly
refracted by the first lens surface 110. Furthermore, the light incident on the first lens surface 110 may be delivered to
another surface of the diffusion lens 100 through the inside of the diffusion lens 100.
[0022] According to an embodiment, the second lens surface 120 may be formed on an upper surface of the diffusion
lens 100. According to an embodiment, a vertical section of the second lens surface 120 may have a convex curved
shape. Furthermore, the second lens surface 120 may have rotational symmetry with respect to the optical axis "a".
Accordingly, the second lens surface 120 may have a convex curved shape.
[0023] According to an embodiment, part of the light incident on the first lens surface 110 from the light emitting element
10a may be delivered to the second lens surface 120. According to an embodiment, the light delivered to the second
lens surface 120 may be output through the second lens surface 120, or may be Fresnel-reflected by the second lens
surface 120 and delivered back to the inside of the diffusion lens 100. According to an embodiment, the light output
through the second lens surface 120 may be secondly refracted by the second lens surface 120.
[0024] According to an embodiment, the side surface 130 may extend in the vertical direction of the diffusion lens 100.
For example, the side surface 130 may extend from a periphery of the second lens surface 120 in the vertical direction
of the diffusion lens 100. According to an embodiment, a vertical section of the side surface 130 may have a linear
shape. Furthermore, the side surface 130 may have rotational symmetry with respect to the optical axis "a". Accordingly,
the side surface 130 may have a planar shape.
[0025] According to an embodiment, part of the rest of the light incident on the first lens surface 110 from the light
emitting element 10a may be output through the side surface 130.
[0026] According to an embodiment, the bottom surface 140 may extend in a horizontal direction of the diffusion lens
100. For example, the bottom surface 140 may extend from a periphery of the first lens surface 110 in the horizontal
direction of the diffusion lens 100 and may meet a periphery of the side surface 130.
[0027] According to an embodiment, the bottom surface 140 may reflect part of the light incident on the first lens
surface 110 toward the inside of the diffusion lens 100. The reflected light may be output through, for example, the
second lens surface 120 and the side surface 130. According to an embodiment, the bottom surface 140 may reflect
the light reflected by the second lens surface 120 toward the inside of the diffusion lens 100 again. The light reflected
again may be output through, for example, the second lens surface 120 and the side surface 130.
[0028] According to an embodiment, the support 150 may space the diffusion lens 100 apart from the installed PCB
10 by a specified distance. According to an embodiment, the support 150 may extend from the bottom surface 140 in
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the vertical direction of the diffusion lens 100. According to an embodiment, the diffusion lens 100 may include at least
three supports. Accordingly, the diffusion lens 100 may be stably installed on the PCB 10.
[0029] According to an embodiment, the first lens surface 110 and the second lens surface 120 may have aspheric
shapes (e.g., elliptical shapes) and may be formed according to Equation 1 below.

[0030] Here, c is the curvature of a lens, k is a conic constant, and A1 to An are aspheric coefficients. As the first lens
surface 110 and the second lens surface 120 are formed by Equation 1 in which a second-order aspheric term (e.g.,
A2*r2) is included, luminance in the diffusion plate 20 may maintain linearity from a peak point to a point at which the
luminance is 50% of the luminance at the peak point. For example, the coefficient (e.g., A2) of the second-order aspheric
term may not be 0 in Equation 1 in which the second-order aspheric term is included. The peak point may be a point
coincident with the optical axis "a" of the diffusion lens 100. In particular, the shape of the second lens surface 120,
which is an important factor in maintaining the linearity, may be formed by Equation 1 in which the second-order aspheric
term is included.
[0031] According to an embodiment, the first lens surface 110 may have a conic constant -1 < k1 < 0, the second lens
surface 120 may have a conic constant 0 < k2 < 20, and the first lens surface 110 and the second lens surface 120 may
be formed according to Equation 1. According to another embodiment, the curvature c1 and the effective diameter D1
of the first lens surface 110 may have the relation 5 < c1*D1 < 15, the curvature c2 and the effective diameter D2 of the
second lens surface 120 may have the relation 0.5 < c2*D2 < 2, and the first lens surface 110 and the second lens
surface 120 may be formed according to Equation 1.
[0032] According to an embodiment, the second lens surface 120 may have a smaller rate of change than the first
lens surface 110 located at the same position in the vertical direction. Accordingly, the diameter of the first lens surface
110 may be larger than the diameter of the second lens 120.
[0033] According to an embodiment, the rates of change of curvatures of the first lens surface 110 and the second
lens surface 120 may have the same sign. In other words, inflection points at which the signs of the rates of change of
curvatures of the first lens surface 110 and the second lens surface 120 are changed may not exist. Accordingly, the
diffusion lens 100 may have a high production yield and an excellent assembly tolerance. In particular, when the sign
of the rate of change of curvature of the second lens surface 120 is the same, the rate of change of curvature of the
second lens surface 120 may be minimized, and therefore light distribution in the diffusion plate 20 may be uniformly
improved even though the distance between the light source element 10a and the diffusion plate 20 is short.
[0034] According to an embodiment, a pattern in which arbitrary shapes are irregularly disposed may be formed on
the side surface 130 and the bottom surface 140. The pattern in which the arbitrary shapes are irregularly disposed may
be formed, for example, by etching (or, corroding) the side surface 130 and the bottom surface 140. According to an
embodiment, the arbitrary shapes of the pattern formed on the side surface 130 may have a height of 100 mm or less.
Furthermore, the arbitrary shapes of the pattern formed on the bottom surface 140 may have a height of 30 mm or less.
[0035] According to an embodiment, a pattern in which specified shapes are regularly or irregularly disposed may be
formed on the side surface 130 and the bottom surface 140. The pattern in which the specified shapes are regularly or
irregularly disposed may be formed through a mold on which engraved or embossed shapes corresponding to the
specified shapes are formed. According to an embodiment, the specified shapes of the pattern formed on the side surface
130 and the bottom surface 140 may be one of pyramid shapes, triangular prism shapes, or hemisphere shapes.
According to an embodiment, the specified shapes of the pattern formed on the bottom surface 140 may have a height
of 300 mm or less.
[0036] According to an embodiment, the pattern formed on the side surface 130 and the bottom surface 140 may
diffuse the light generated by the light emitting element 10a. For example, the pattern formed on the side surface 130
may change the path of the light output through the side surface 130 and may prevent the output light from being
concentrated on a specified region of the diffusion plate 20. In other words, the pattern formed on the side surface 130
may disperse light concentrated on the specified region of the diffusion plate 20. Furthermore, the pattern formed on
the bottom surface 140 may change the path of the light reflected by the bottom surface 140 and may disperse light
concentrated on the optical axis "a" of the diffusion lens 100.
[0037] FIG. 2 is a view illustrating paths of light by the diffusion lens according to various embodiments.
[0038] Referring to FIG. 2, light generated by the light emitting element 10a installed on the PCB 10 may be incident
on the first lens surface 110, and the light incident on the first lens surface 110 may be output through the second lens
surface 120 and the side surface 130.
[0039] According to an embodiment, the light incident on the first lens surface 110 from the light emitting element 10a
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may be output through a first path 1. For example, light incident on the center of the first lens surface 110 from the light
emitting element 10a may be output through the center of the second lens surface 120. According to an embodiment,
the first path 1 may be formed on the optical axis "a". According to an embodiment, the largest amount of light of the
light incident on the first lens surface 110 from the light emitting element 10a may be output through the first path 201.
Accordingly, a peak point of maximum luminance may be formed at a point where the optical axis "a" and a diffusion
plate (e.g., the diffusion plate 20 of FIG. 1) meet.
[0040] According to an embodiment, the light incident on the first lens surface 110 from the light emitting element 10a
may be output through a second path 203_1 and a third path 203_3. For example, the light incident on the first lens
surface 110 from the light emitting element 10a may be output through the second lens surface 120. According to an
embodiment, the light output through the second path 203_1 and the third path 203_3 may be refracted by the first lens
surface 110 and the second lens surface 120 and may be diffused outside the diffusion lens 100.
[0041] According to an embodiment, the light incident on the first lens surface 110 from the light emitting element 10a
may be output through a fourth path 205. For example, the light incident on the first lens surface 110 from the light
emitting element 10a may be output through the side surface 130. According to an embodiment, the light output through
the fourth path 205 may be refracted by the side surface 130 having the pattern formed thereon and may be diffused
outside the diffusion lens 100.
[0042] According to an embodiment, the light incident on the first lens surface 110 from the light emitting element 10a
may be output through a fifth path 207. For example, the light incident on the first lens surface 110 from the light emitting
element 10a may be reflected by the bottom surface 140 and may be output through the side surface 130. According
to an embodiment, the light output through the fifth path 207 may be reflected by the bottom surface 140 having the
pattern formed thereon and may be diffused outside the diffusion lens 100 through the side surface 130.
[0043] According to an embodiment, the light incident on the first lens surface 110 from the light emitting element 10a
may be output through a sixth path 209. For example, the light incident on the first lens surface 110 from the light emitting
element 10a may be reflected by the second lens surface 120 and delivered to the bottom surface 140 and may be
reflected by the bottom surface 140 again and output through the second lens surface 120. The pattern formed on the
bottom surface 140 may decrease the amount by which the light reflected again is output toward the center (or, the
optical axis "a") of the diffusion lens 100. According to an embodiment, the light output through the sixth path 209 may
be reflected (or, re-reflected) by the bottom surface 140 having the pattern formed thereon and may be diffused outside
the diffusion lens 100 through the second lens surface 140.
[0044] Accordingly, the light generated by the light emitting element 10a may be diffused outside the diffusion lens
100 by being refracted or reflected by the patterns formed on the side surface 130 and the bottom surface 140.
[0045] FIG. 3 is a view illustrating specified shapes regularly arranged on the bottom surface of the diffusion lens
according to an embodiment.
[0046] Referring to FIG. 3, a plurality of pyramid shapes 141 may be radially disposed on the bottom surface 140 of
the diffusion lens 100. The plurality of pyramid shapes 141 may be formed to a specified distance "r" from the center of
the bottom surface 140. The supports 150, together with the plurality of pyramid shapes 141, may be formed on the
bottom surface 140.
[0047] According to an embodiment, in an enlarged view of region "A" marked on the bottom surface 140, the plurality
of pyramid shapes 141 may be disposed in a specified direction "b" to form a radial pattern. For example, the plurality
of pyramid shapes 141 having different widths may be disposed in the specified direction "b". The width of second
pyramid shapes 141_3 disposed in the specified direction "b" may be greater than, for example, the width of first pyramid
shapes 141_1. Furthermore, third pyramid shapes 141_1’ disposed in the specified direction "b" may be similar to the
first pyramid shapes 141_1. When the second pyramid shapes 141_3 having a width two times greater than the width
of the first pyramid shapes 141_1 are disposed, the third pyramid shapes 141_1’ having a width similar to the width of
the first pyramid shapes 141_1 may be disposed.
[0048] FIG. 4 is a view illustrating specified shapes irregularly arranged on the bottom surface of the diffusion lens
according to an embodiment.
[0049] Referring to FIG. 4, a plurality of pyramid shapes 141 may be randomly disposed on the bottom surface 140
of the diffusion lens 100. The plurality of pyramid shapes 143 may be formed to the specified distance "r" from the center
of the bottom surface 140. The supports 150, together with the plurality of pyramid shapes 143, may be formed on the
bottom surface 140.
[0050] According to an embodiment, in an enlarged view of region "B" marked, the plurality of pyramid shapes 143
identical to one another may be disposed. A specified number of pyramid shapes may be disposed in a specified region
"c". Pyramid shapes 143_1 and 143_3 included in the plurality of pyramid shapes 143 may be identical to each other.
[0051] FIG. 5 is a graph depicting distribution of light diffused by a pattern formed on the bottom surface of the diffusion
lens according to various embodiments.
[0052] Referring to FIG. 5, the distribution of light diffused by the diffusion lens 100 may be recognized through
luminance in the diffusion plate 20 that the diffused light reaches. In other words, a point at which the luminance in the
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diffusion plate 20 is high may refer to a point that a large amount light reaches.
[0053] According to an embodiment, when the diffusion lens 100 has the pattern on the bottom surface 140 thereof
(510), luminance in a specified region "T" of the diffusion plate 20 may be low, as compared with when the diffusion lens
100 has no pattern on the bottom surface 140 thereof (520). In other words, light output toward the center of the diffusion
lens 100 through the diffusion lens 100 may be decreased. Accordingly, the distribution of light that reaches the diffusion
plate 20 may be uniformly improved.
[0054] FIG. 6 is a graph depicting luminance at a peak point depending on the diameter of a region where a pattern
is formed on the bottom surface of the diffusion lens according to various embodiments.
[0055] Referring to FIG. 6, the pattern may be formed on part of the bottom surface 140 of the diffusion lens 100.
[0056] According to an embodiment, the percentage of a region 140a where the pattern is formed on the bottom
surface 140 may be expressed as the ratio (d/D) between the diameter "d" of the patterned region 140a and the diameter
"D" of the bottom surface 140.
[0057] According to an embodiment, luminance at a specified point may be measured depending on the diameter ratio
(d/D) between the diameter "d" of the patterned region 140a and the diameter "D" of the bottom surface 140. The specified
point may be a peak point in a diffusion plate (e.g., the diffusion plate 20 of FIG. 1). The peak point may be, for example,
a point where the optical axis of the diffusion lens 100 and the diffusion plate (e.g., the diffusion plate 20 of FIG. 1) meet.
Accordingly, the measured luminance may represent a state in which light output toward the center of the diffusion lens
100 is concentrated. When the luminance at the peak point is low, the width by which light is diffused from side to side
may be increased, and the width (or, the half-width) between left and right points at which the luminance is 50% of the
luminance at the peak point may be expanded.
[0058] FIG. 7 is a graph depicting luminance distribution depending on the diameter of the region where the pattern
is formed on the bottom surface of the diffusion lens according to various embodiments.
[0059] Referring to FIG. 7, the luminance at the peak point may be measured in the diameter ratio (d/D) range of 0.75
to 1.00, in which the diameter ratio (d/D) is the ratio between the diameter "d" of the patterned region 140a and the
diameter "D" of the bottom surface 140 in FIG. 6.
[0060] According to an embodiment, the luminance at the peak point by a specified light source may be measured to
be lowest when the diameter ratio (d/D) is 0.92. Accordingly, a relatively small amount of light may be concentrated on
the center of the diffusion lens 100 when the diameter ratio (d/D) ranges from 0.90 to 0.94.
[0061] FIG. 8 is a graph depicting relative luminance depending on the diameter of the region where the pattern is
formed on the bottom surface of the diffusion lens according to various embodiments.
[0062] Referring to FIG. 8, the relative luminance with the peak point as the center in the diameter ratio (d/D) range
of 0.75 to 1.00 is illustrated.
[0063] According to an embodiment, the difference in luminance, with the peak point as the center, may be relatively
small when the diameter ratio (d/D) between the diameter "d" of the patterned region 140a and the diameter "D" of the
bottom surface 140 in FIG. 6 ranges from 0.90 to 0.94.
[0064] According to an embodiment, when the diameter ratio (d/D) ranges from 0.90 to 0.94, the uniformity of light
that is diffused by the diffusion lens 100 and that reaches a diffusion plate may be best. This may correspond to the fact
that the luminance at the peak point by the specified light source in FIG. 6 is lowest when the diameter ratio (d/D) ranges
from 0.90 to 0.94.
[0065] Accordingly, when the ratio of the diameter of the patterned region 140a to the diameter of the bottom surface
140 ranges from 0.90 to 0.94, the diffusion lens 100 may uniformly improve the distribution of light that reaches the
diffusion plate (e.g., the diffusion plate 20 of FIG. 1).
[0066] FIG. 9 is a view illustrating a light bounce phenomenon caused by patterns formed on bottom surfaces of
diffusion lenses according to various embodiments.
[0067] Referring to FIG. 9, a first diffusion lens 100_1 and a second diffusion lens 100_3 may be disposed on a first
light emitting element 10a and a second light emitting element 10b, respectively, which are arranged adjacent to each
other on a PCB 10.
[0068] According to an embodiment, light output from the second diffusion lens 100_3 may be emitted along a first
path 901 and may be reflected by a diffusion plate 20 along a second path 903, and the reflected light may be reflected
again by a bottom surface (e.g., the bottom surface 140 of FIG. 1) of the first diffusion lens 100_1 along a third path 905.
In other words, light output from the second light emitting element 10b through the second diffusion lens 100_3 may be
output again through the diffusion plate 20 and the first diffusion lens 100_1. Accordingly, light output from the first
diffusion lens 100_1 may include not only light directly generated from the first light emitting element 10a but also part
of the light output from the adjacent first diffusion lens 100_1. According to an embodiment, the light output from the first
diffusion lens 100_1 may cause a light bounce phenomenon at a first point 20a of the diffusion plate 20 due to an
influence of the light output from the adjacent second diffusion lens 100_3.
[0069] According to an embodiment, when the second diffusion lens 100_3 has a pattern, the light output again from
the first diffusion lens 100_1 may be decreased. In other words, an influence of the light output from the adjacent second
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diffusion lens 100_3 on the light output from the first diffusion lens 100_1 may be minimized. Accordingly, the light bounce
phenomenon occurring at the first point 20a of the diffusion plate 20 may be reduced.
[0070] FIG. 10 is a graph depicting a reduction of a light bounce phenomenon by a pattern formed on the bottom
surface of the diffusion lens according to various embodiments.
[0071] Referring to FIG. 10, the light bounce phenomenon may be reduced by the pattern formed on the bottom surface
(e.g., the bottom surface 140 of FIG. 1) of the diffusion lens 100.
[0072] According to an embodiment, when a plurality of diffusion lenses have patterns on bottom surfaces thereof
(1010), luminance at a specified point of a diffusion plate (e.g., the diffusion plate 20 of FIG. 1) may be lowered (1030a),
as compared with when the plurality of diffusion lenses have no patterns (1020). In other words, a light bounce phenom-
enon occurring at the specified point of the diffusion plate may be reduced. The specified point may correspond to the
first point 20a of FIG. 10.
[0073] FIGS. 11 to 13 are views illustrating patterns in which specified shapes are regularly arranged and that are
formed on the side surface of the diffusion lens according to an embodiment.
[0074] Referring to FIG. 11, a plurality of hemisphere shapes (or, circular protrusion shapes) 131 may be regularly
arranged on the side surface 130 of the diffusion lens 100. (a) is a perspective view of the diffusion lens 100, and (b) is
a sectional view of the diffusion lens 100.
[0075] According to an embodiment, the plurality of hemisphere shapes 131 formed on the side surface 130 of the
diffusion lens 100 may be disposed with a specified distance therebetween. Hemisphere shapes 131_1 and 131_3
included in the plurality of hemisphere shapes 131 may be identical to each other.
[0076] According to an embodiment, light incident through the first lens surface 110 and light reflected by the second
lens surface 120 and the bottom surface 140 may be output through the side surface 130 on which the plurality of
hemisphere shapes 131 are regularly disposed.
[0077] Referring to FIG. 12, a plurality of semicircular tube shapes 133 may be regularly arranged on the side surface
130 of the diffusion lens 100. Semicircular tube shapes 133_1 and 133_3 may be shapes formed by extending semicircles.
(a) is a perspective view of the diffusion lens 100, and (b) is a sectional view of the diffusion lens 100.
[0078] According to an embodiment, the plurality of semicircular tube shapes 133 formed on the side surface 130 of
the diffusion lens 100 may be continuously disposed in the vertical direction. The semicircular tube shapes 133_1 and
133_3 included in the plurality of semicircular tube shapes 133 may be identical to each other.
[0079] According to an embodiment, light incident through the first lens surface 110 and light reflected by the second
lens surface 120 and the bottom surface 140 may be output through the side surface 130 on which the plurality of
semicircular tube shapes 133 are regularly disposed.
[0080] Referring to FIG. 13, a plurality of triangular tube shapes 135 may be regularly arranged on the side surface
130 of the diffusion lens 100. Triangular tube shapes 135_1 and 135_3 may be shapes formed by extending triangles.
(a) is a perspective view of the diffusion lens 100, and (b) is a sectional view of the diffusion lens 100.
[0081] According to an embodiment, the plurality of triangular tube shapes 135 formed on the side surface 1300 of
the diffusion lens 100 may be continuously disposed in the vertical direction. The triangular tube shapes 135_1 and
135_3 included in the plurality of triangular tube shapes 135 may be identical to each other.
[0082] According to an embodiment, light incident through the first lens surface 110 and light reflected by the second
lens surface 120 and the bottom surface 140 may be output through the side surface 130 on which the plurality of
triangular tube shapes 135 are regularly disposed.
[0083] FIG. 14 is a view illustrating a reduction of a light bounce phenomenon by patterns formed on side surfaces of
diffusion lenses according to various embodiments.
[0084] Referring to FIG. 14, a first diffusion lens 100_1, a second diffusion lens 100_3, and a third diffusion lens 100_5
may be disposed on a first light emitting element 10a, a second light emitting element 10b, and a third light emitting
element 10c, respectively, which are arranged on a PCB 10 at specified intervals P.
[0085] According to an embodiment, a light bounce phenomenon may occur at a first point 20a of a diffusion plate 20
by first light 1401 output from a side surface of the first diffusion lens 100_1 and second light 1403_1 output from a side
surface of the second diffusion lens 100_3. For example, the first point 20a may be a point spaced apart from the first
light emitting element (or, the second light emitting element 10b) by a distance of 1/P that is a half of the specified interval
P. According to an embodiment, a light bounce phenomenon may occur at a second point 20b of the diffusion plate 20
by third light 1403_3 output from the side surface of the second diffusion lens 100_3 and fourth light 1405 output from
a side surface of the third diffusion lens 100_5. For example, the second point 20b may be a point spaced apart from
the second light emitting element 10b (or, the third light emitting element 10c) by a distance of P/2 that is a half of the
specified interval P.
[0086] According to an embodiment, when the plurality of diffusion lenses have patterns on the side surfaces thereof
(1410), luminance at the first point 20a and the second point 20b may be lowered (1430a and 1430b), as compared with
when the plurality of diffusion lenses have no patterns (1420). In other words, the light bounce phenomena occurring at
the first point 20a and the second point 20b of the diffusion plate 20 may be reduced.
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[0087] FIG. 15 is a distribution diagram illustrating the amount of light reaching a diffusion plate through the diffusion
lens according to various embodiments.
[0088] Referring to FIG. 15, a light bounce phenomenon may be reduced by a pattern formed on the side surface of
the diffusion lens 100.
[0089] Referring to (a), when no pattern is formed on the side surface of the diffusion lens 100, a distribution diagram
1510 of light reaching the diffusion plate may include a first portion 1510a and a second portion 1510b where a relatively
large amount of light is distributed. The first portion 1510a and the second portion 1510b may correspond to regions
containing the first point 20a and the second point 20b of the diffusion plate 20 of FIG. 14. According to an embodiment,
due to a light bounce phenomenon, a large amount of light may be distributed in the first portion 1510a and the second
portion 1510b. Accordingly, luminance unevenness may appear in regions corresponding to the first portion 1510a and
the second portion 151 0b of the diffusion plate.
[0090] Referring to (b), when a pattern is formed on the side surface of the diffusion lens 100, a distribution diagram
1520 of light reaching the diffusion plate may include a third portion 1520a and a fourth portion 1510b where light is
distributed as in other regions. The third portion 1520a and the fourth portion 1520 may correspond to the first portion
1510a and the second portion 1510b. According to an embodiment, due to a reduction of a light bounce phenomenon,
light may be distributed in the third portion 1520a and the fourth portion 1520b as in the other regions. Accordingly,
luminance unevenness may be reduced in regions corresponding to the third portion 1520a and the fourth portion 1520b
of the diffusion plate.
[0091] FIG. 16 is a graph depicting relative luminance of a light bounce phenomenon occurrence region depending
on the radius of hemisphere shapes formed on the side surface of the diffusion lens according to an embodiment.
[0092] Referring to FIG. 16, a plurality of hemisphere shapes having a specified diameter may be formed on the side
surface of the diffusion lens 100 as in FIG. 9.
[0093] According to an embodiment, the relative luminance of the light bounce phenomenon occurrence region may
be expressed as the luminance ratio between the maximum luminance value of the light bounce phenomenon occurrence
region and the average luminance value of light reaching a diffusion plate.
[0094] According to an embodiment, the luminance ratio between the maximum luminance value of the light bounce
phenomenon occurrence region and the average luminance value of light reaching the diffusion plate may be measured
depending on the radius "R" of the hemisphere shapes formed on the side surface of the diffusion lens 100. Accordingly,
the measured luminance ratio may represent the uniformity of light reaching the diffusion plate.
[0095] According to an embodiment, when the diffusion lens 100 has, on the side surface thereof, a pattern in which
a plurality of hemisphere shapes are regularly arranged, the luminance ratio may be lowered to 1, as compared with
when the diffusion lens 100 does not have the pattern. Furthermore, the luminance ratio by a specified light source may
have a value close to 1 when the radius of the hemisphere shapes ranges from 0.05 mm to 0.15 mm. Accordingly, when
the radius of the hemisphere shapes ranges from 0.05 mm to 0.15 mm, the distribution of light reaching the diffusion
plate may be relatively uniformly improved.
[0096] FIG. 17 is a graph depicting luminance distribution depending on the radius of the hemisphere shapes formed
on the side surface of the diffusion lens according to an embodiment.
[0097] Referring to FIG. 17, luminance may be measured when the radius of the hemisphere shapes in FIG. 16 ranges
from 0.03 mm to 0.15 mm.
[0098] According to an embodiment, when the diffusion lens 100 has, on the side surface thereof, the pattern in which
the plurality of hemisphere shapes are arranged, luminance in a region where a light bounce phenomenon occurs may
be lowered (1710a and 1710b). Furthermore, when the radius of the hemisphere shapes ranges from 0.05 mm to 0.15
mm, the uniformity of light that is diffused by the diffusion lens 100 and that reaches a diffusion plate may be best. This
may correspond to the fact that the luminance ratio between the maximum luminance value of the light bounce phe-
nomenon occurrence region and the average luminance value of light reaching the diffusion plate in FIG. 16 converges
to 1 when the radius of the hemisphere shapes ranges from 0.05 to 0.15.
[0099] FIG. 18 is a distribution diagram illustrating the amount of light reaching a diffusion plate by patterns formed
on the side surface and the bottom surface of the diffusion lens according to various embodiments.
[0100] Referring to FIG. 18, the distribution of light reaching the diffusion plate may be uniformly improved by the
patterns formed on the side surface and the bottom surface of the diffusion lens 100.
[0101] Referring to (a), when no pattern is formed on the diffusion lens 100, a relatively large amount of light may be
distributed in a specified region in a distribution diagram 1810 of light reaching the diffusion plate. According to an
embodiment, a light bounce phenomenon may occur in the specified region. Accordingly, the uniformity of light reaching
the diffusion plate may be low. In other words, luminance unevenness may be included in the diffusion plate.
[0102] Referring to (b), when the diffusion lens 100 has the patterns formed on the side surface and the bottom surface
thereof, light may be similarly distributed in the entire region in a distribution diagram 1820 of light reaching the diffusion
plate. According to an embodiment, the light bounce phenomenon in the specified region may be reduced. Accordingly,
the uniformity of light reaching the diffusion plate may be high. In other words, the luminance unevenness in the diffusion
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plate may be reduced.
[0103] FIG. 19 is a view illustrating a configuration of a display device including diffusion lenses according to various
embodiments.
[0104] Referring to FIG. 19, the display device 1900 may include a backlight panel 1910, a display panel 1920, and
a bezel 1930.
[0105] According to an embodiment, the backlight panel may include a receiving container 1911, a first PCB 1912,
diffusion lenses 1913, a light guide plate 1914, a diffusion plate 1915, and an optical sheet 1916.
[0106] According to an embodiment, the receiving container 1911 may receive the first PCB 1912 therein. According
to an embodiment, a plurality of light emitting elements may be arranged at specified intervals on the first PCB 1912.
The first PCB 1912 may be the same as the PCB 10 of FIG. 1. The light emitting elements may be, for example, light
emitting diodes. According to an embodiment, the diffusion lenses 1913 may be disposed on the plurality of light emitting
elements, respectively. The diffusion lenses 1913 may be, for example, lenses that are the same as the diffusion lens
100 of FIG. 1.
[0107] According to an embodiment, the light guide plate 1914 may be spaced apart from the light emitting elements.
The light guide plate 1914 may mix red light, blue light, and green light included in light generated from the light emitting
elements and may output the mixed light. According to an embodiment, the light guide plate 1914 may be formed of
poly methyl methacrylate (PMMA). According to an embodiment, the diffusion plate 1915 may diffuse the light output
through the light guide plate 1914. According to an embodiment, the diffusion plate 1915 may be formed of poly methyl
methacrylate (PMMA) and may contain a diffusing agent for diffusion of light. The diffusion plate 1915 may be the same
as the diffusion plate 20 of FIG. 1. According to an embodiment, the optical sheet 1916 may change the path of the light
diffused through the diffusion plate 1915, thereby improving luminance characteristics of the light. According to an
embodiment, the optical sheet 1916 may be a light-condensing sheet for improving front luminance of light.
[0108] According to an embodiment, the display panel 1920 may display an image. According to an embodiment, the
display panel 1920 may be a liquid crystal display panel. The display panel 1920 may include, for example, a substrate
1921 on which thin film transistors (TFTs), which are switching elements, are formed in a matrix form and a color filter
substrate 1922 on which RGB pixels for implementing colors are formed in a thin film form.
[0109] According to an embodiment, the bezel 1930 may couple the backlight panel 1910 to the display panel 1920.
According to an embodiment, the bezel 1930 may be coupled with the receiving container 1911 of the backlight panel
1910 to form a housing of the display device 1900.
[0110] The diffusion lens 100 according to the various embodiments of the disclosure, which has been described
above with reference to FIGS. 1 to 19, may have the second lens surface 120 formed such that there is no inflection
point in the rate of change of curvature, thereby achieving a high production yield and an excellent assembly tolerance
and uniformly improving light distribution in the diffusion plate 20 even when the distance between the light source
element 10a and the diffusion plate 20 is short. Furthermore, the diffusion lens 100 may have, on the side surface and
the bottom surface thereof, the pattern in which the arbitrary shapes or the specified shapes are regularly or irregularly
disposed and may diffuse light generated from the light emitting element to other regions, thereby more uniformly
improving the distribution of light reaching the diffusion plate.
[0111] In addition, the display device 1900 having the diffusion lens 100 installed therein may maintain the luminance
of light in the diffusion plate 1915 of the backlight panel 1910 at a specified value or more by using a small number of
light emitting elements, thereby reducing manufacturing costs of the display device 1900.
[0112] FIG. 20 is a block diagram illustrating an electronic device 2001 in a network environment 2000 according to
various embodiments.
[0113] Referring to FIG. 20, the electronic device 2001 in the network environment 2000 may communicate with an
electronic device 2002 via a first network 2098 (e.g., a short-range wireless communication network), or an electronic
device 2004 or a server 2008 via a second network 2099 (e.g., a long-range wireless communication network). According
to an embodiment, the electronic device 2001 may communicate with the electronic device 2004 via the server 2008.
According to an embodiment, the electronic device 2001 may include a processor 2020, a memory 2030, an input device
2050, a sound output device 2055, a display device 2060 (e.g., the display device 1900 of FIG. 19), an audio module
2070, a sensor module 2076, an interface 2077, a haptic module 2079, a camera module 2080, a power management
module 2088, a battery 2089, a communication module 2090, a subscriber identification module (SIM) 2096, or an
antenna module 2097. In some embodiments, at least one (e.g., the display device 2060 or the camera module 2080)
of the components may be omitted from the electronic device 2001, or one or more other components may be added
in the electronic device 2001. In some embodiments, some of the components may be implemented as single integrated
circuitry. For example, the sensor module 2076 (e.g., a fingerprint sensor, an iris sensor, or an illuminance sensor) may
be implemented as embedded in the display device 2060 (e.g., a display).
[0114] The processor 2020 may execute, for example, software (e.g., a program 2040) to control at least one other
component (e.g., a hardware or software component) of the electronic device 2001 coupled with the processor 2020,
and may perform various data processing or computation. According to one embodiment, as at least part of the data
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processing or computation, the processor 2020 may load a command or data received from another component (e.g.,
the sensor module 2076 or the communication module 2090) in a volatile memory 2032, process the command or the
data stored in the volatile memory 2032, and store resulting data in a non-volatile memory 2034. According to an
embodiment, the processor 2020 may include a main processor 2021 (e.g., a central processing unit (CPU) or an
application processor (AP)), and an auxiliary processor 2023 (e.g., a graphics processing unit (GPU), an image signal
processor (ISP), a sensor hub processor, or a communication processor (CP)) that is operable independently from, or
in conjunction with, the main processor 2021. Additionally or alternatively, the auxiliary processor 2023 may be adapted
to consume less power than the main processor 2021, or to be specific to a specified function. The auxiliary processor
2023 may be implemented as separate from, or as part of the main processor 2021.
[0115] The auxiliary processor 2023 may control at least some of functions or states related to at least one component
(e.g., the display device 2060, the sensor module 2076, or the communication module 2090) among the components
of the electronic device 2001, instead of the main processor 2021 while the main processor 2021 is in an inactive (e.g.,
sleep) state, or together with the main processor 2021 while the main processor 2021 is in an active state (e.g., executing
an application). According to an embodiment, the auxiliary processor 2023 (e.g., an image signal processor or a com-
munication processor) may be implemented as part of another component (e.g., the camera module 2080 or the com-
munication module 2090) functionally related to the auxiliary processor 2023.
[0116] The memory 2030 may store various data used by at least one component (e.g., the processor 2020 or the
sensor module 2076) of the electronic device 2001. The various data may include, for example, software (e.g., the
program 2040) and input data or output data for a command related thererto. The memory 2030 may include the volatile
memory 2032 or the non-volatile memory 2034.
[0117] The program 2040may be stored in the memory 2030 as software, and may include, for example, an operating
system (OS) 2042, middleware 2044, or an application 2046.
[0118] The input device 2050 may receive a command or data to be used by other component (e.g., the processor
2020) of the electronic device 2001, from the outside (e.g., a user) of the electronic device 2001. The input device 2050
may include, for example, a microphone, a mouse, or a keyboard.
[0119] The sound output device 2055 may output sound signals to the outside of the electronic device 2001. The
sound output device 2055 may include, for example, a speaker or a receiver. The speaker may be used for general
purposes, such as playing multimedia or playing record, and the receiver may be used for an incoming calls. According
to an embodiment, the receiver may be implemented as separate from, or as part of the speaker.
[0120] The display device 2060 may visually provide information to the outside (e.g., a user) of the electronic device
2001. The display device 2060 may include, for example, a display, a hologram device, or a projector and control circuitry
to control a corresponding one of the display, hologram device, and projector. According to an embodiment, the display
device 2060 may include touch circuitry adapted to detect a touch, or sensor circuitry (e.g., a pressure sensor) adapted
to measure the intensity of force incurred by the touch.
[0121] The audio module 2070 may convert a sound into an electrical signal and vice versa. According to an embod-
iment, the audio module 2070 may obtain the sound via the input device 2050, or output the sound via the sound output
device 2055 or an external electronic device (e.g., an electronic device 2002) (e.g., speaker of headphone) directly (e.g.,
wiredly) or wirelessly coupled with the electronic device 2001.
[0122] The sensor module 2076 may detect an operational state (e.g., power or temperature) of the electronic device
2001 or an environmental state (e.g., a state of a user) external to the electronic device 2001, and then generate an
electrical signal or data value corresponding to the detected state. According to an embodiment, the sensor module
2076 may include, for example, a gesture sensor, a gyro sensor, an atmospheric pressure sensor, a magnetic sensor,
an acceleration sensor, a grip sensor, a proximity sensor, a color sensor, an infrared (IR) sensor, a biometric sensor, a
temperature sensor, a humidity sensor, or an illuminance sensor.
[0123] The interface 2077 may support one or more specified protocols to be used for the electronic device 2001 to
be coupled with the external electronic device (e.g., the electronic device 2002) directly (e.g., wiredly) or wirelessly.
According to an embodiment, the interface 2077 may include, for example, a high definition multimedia interface (HDMI),
a universal serial bus (USB) interface, a secure digital (SD) card interface, or an audio interface.
[0124] A connecting terminal 2078 may include a connector via which the electronic device 2001 may be physically
connected with the external electronic device (e.g., the electronic device 2002). According to an embodiment, the con-
necting terminal 2078 may include, for example, a HDMI connector, a USB connector, a SD card connector, or an audio
connector (e.g., a headphone connector).
[0125] The haptic module 2079 may convert an electrical signal into a mechanical stimulus (e.g., a vibration or a
movement) or electrical stimulus which may be recognized by a user via his tactile sensation or kinesthetic sensation.
According to an embodiment, the haptic module 2079 may include, for example, a motor, a piezoelectric element, or an
electric stimulator.
[0126] The camera module 2080 may capture a still image or moving images. According to an embodiment, the camera
module 2080 may include one or more lenses, image sensors, image signal processors, or flashes.
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[0127] The power management module 2088 may manage power supplied to the electronic device 2001. According
to one embodiment, the power management module 388 may be implemented as at least part of, for example, a power
management integrated circuit (PMIC).
[0128] The battery 2089 may supply power to at least one component of the electronic device 2001. According to an
embodiment, the battery 2089 may include, for example, a primary cell which is not rechargeable, a secondary cell which
is rechargeable, or a fuel cell.
[0129] The communication module 2090 may support establishing a direct (e.g., wired) communication channel or a
wireless communication channel between the electronic device 2001 and the external electronic device (e.g., the elec-
tronic device 2002, the electronic device 2004, or the server 2008) and performing communication via the established
communication channel. The communication module 2090 may include one or more communication processors that
are operable independently from the processor 2020 (e.g., the application processor (AP)) and supports a direct (e.g.,
wired) communication or a wireless communication. According to an embodiment, the communication module 2090 may
include a wireless communication module 2092 (e.g., a cellular communication module, a short-range wireless commu-
nication module, or a global navigation satellite system (GNSS) communication module) or a wired communication
module 2094 (e.g., a local area network (LAN) communication module or a power line communication (PLC) module).
A corresponding one of these communication modules may communicate with the external electronic device via the first
network 2098 (e.g., a short-range communication network, such as Bluetooth™, wireless-fidelity (Wi-Fi) direct, or infrared
data association (IrDA)) or the second network 2099 (e.g., a long-range communication network, such as a cellular
network, the Internet, or a computer network (e.g., LAN or wide area network (WAN)). These various types of commu-
nication modules may be implemented as a single component (e.g., a single chip), or may be implemented as multi
components (e.g., multi chips) separate from each other. The wireless communication module 2092 may identify and
authenticate the electronic device 2001 in a communication network, such as the first network 2098 or the second
network 2099, using subscriber information (e.g., international mobile subscriber identity (IMSI)) stored in the subscriber
identification module 2096.
[0130] The antenna module 2097 may transmit or receive a signal or power to or from the outside (e.g., the external
electronic device). According to an embodiment, the antenna module may be formed as a conductive material or a
conductive pattern. According to another embodiment, the antenna module may additionally include another component
(e.g., a radio frequency integrated circuit (RFIC)) other than the conductive material or the conductive pattern. According
to an embodiment, the antenna module 2097 may include a plurality of antennas. In such a case, at least one antenna
appropriate for a communication scheme used in the communication network, such as the first network 2098 or the
second network 2099, may be selected, for example, by the communication module 2090 from the plurality of antennas.
The signal or the power may then be transmitted or received between the communication module 2090 and the external
electronic device via the selected at least one antenna.
[0131] At least some of the above-described components may be coupled mutually and communicate signals (e.g.,
commands or data) therebetween via an inter-peripheral communication scheme (e.g., a bus, general purpose input
and output (GPIO), serial peripheral interface (SPI), or mobile industry processor interface (MIPI)).
[0132] According to an embodiment, commands or data may be transmitted or received between the electronic device
2001 and the external electronic device 2004 via the server 2008 coupled with the second network 2099. Each of the
electronic devices 2002 and 2004 may be a device of a same type as, or a different type, from the electronic device
2001. According to an embodiment, all or some of operations to be executed at the electronic device 2001 may be
executed at one or more of the external electronic devices 2002, 2004, or 2008. For example, when the electronic device
2001 should perform a function or a service automatically, or in response to a request from a user or another device,
the electronic device 2001, instead of, or in addition to, executing the function or the service, may request the one or
more external electronic devices to perform at least part of the function or the service. The one or more external electronic
devices receiving the request may perform the at least part of the function or the service requested, or an additional
function or an additional service related to the request, and transfer an outcome of the performing to the electronic device
2001. The electronic device 2001 may provide the outcome, with or without further processing of the outcome, as at
least part of a reply to the request. To that end, a cloud computing, distributed computing, or client-server computing
technology may be used, for example.
[0133] FIG. 21 is a block diagram 2100 of the display device 2060 according to various embodiments.
[0134] Referring to FIG. 21, the display device 2060 may include a display 2110 and a display driver IC (DDI) 2130
for controlling the display 2110. The DDI 2130 may include an interface module 2131, a memory 2133 (e.g., a buffer
memory), an image processing module 2135, or a mapping module 2137. The DDI 2130 may receive, for example,
image data or image information including an image control signal corresponding to an instruction for controlling the
image data, from another component of the electronic device 2001 through the interface module 2131. For example,
according to an embodiment, the image information may be received from the processor 2020 (e.g., the main processor
2021 (e.g., an application processor) or the auxiliary processor 2023 (e.g., a graphic processing device) that operates
independently of a function of the main processor 2021). The DDI 2130 may communicate with touch circuitry 2150 or
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the sensor module 2076 through the interface module 2131. Furthermore, the DDI 2130 may store at least part of the
received image information in the memory 2133, for example, on a frame-by-frame basis. The image processing module
2135, for example, may perform pre-processing or post-processing (e.g., adjustment of the resolution, brightness, or
size) on at least part of the image data, based at least on characteristics of the image data or characteristics of the
display 2110. The mapping module 2137 may generate a voltage value or a current value that corresponds to the image
data pre-processed or post-processed through the image processing module 2035. According to an embodiment, the
generation of the voltage value or the current value may be performed based at least partly on, for example, attributes
of pixels of the display 2110 (e.g., an arrangement of the pixels (an RGB stripe or a pentile structure) or the size of each
of sub-pixels). At least some pixels of the display 2110 may be driven based at least partly on, for example, the voltage
value or the current value, and visual information (e.g., text, an image, or an icon) that corresponds to the image data
may be displayed through the display 2110.
[0135] According to an embodiment, the display device 2060 may further include the touch circuitry 2150. The touch
circuitry 2150 may include a touch sensor 2151 and a touch sensor IC 2153 for controlling the touch sensor 2151. The
touch sensor IC 2153 may control the touch sensor 2151 to detect, for example, a touch input or a hovering input to a
specific position of the display 2110. For example, the touch sensor IC 2153 may detect the touch input or the hovering
input by measuring a change of a signal (e.g., voltage, an amount of light, resistance, or an amount of electric charge)
for the specific position of the display 2110. The touch sensor IC 2153 may provide information (e.g., position, area,
pressure, or time) regarding the detected touch input or hovering input to the processor 2020. According to an embodiment,
at least a part (e.g., the touch sensor IC 2153) of the touch circuitry 2150 may be included as a part of the display driver
IC 2130 or the display 2110 or a part of another component (e.g., the auxiliary processor 2023) disposed outside the
display device 2060.
[0136] According to an embodiment, the display device 2060 may further include at least one sensor (e.g., a fingerprint
sensor, an iris sensor, a pressure sensor, or an illuminance sensor) of the sensor module 2076, or control circuitry for
the at least one sensor. In this case, the at least one sensor or the control circuitry for the same may be embedded in
a part (e.g., the display 2110 or the DDI 2130) of the display device 2060 or a part of the touch circuitry 2150. For
example, when the sensor module 2076 embedded in the display device 2060 includes a biosensor (e.g., a fingerprint
sensor), the biosensor may obtain biometric information (e.g., a fingerprint image) associated with a touch input, through
a partial area of the display 2110. In another example, when the sensor module 2076 embedded in the display device
2060 includes a pressure sensor, the pressure sensor may obtain pressure information associated with a touch input,
through all or part of the display 2110. According to an embodiment, the touch sensor 2151 or the sensor module 2076
may be disposed between pixels in a pixel layer of the display 2110 or over or under the pixel layer. The electronic
device according to the various embodiments disclosed herein may include various forms of devices. The electronic
device may include, for example, a portable communication device (e.g., a smartphone), a computer device, a portable
multimedia device, a portable medical device, a camera, a wearable device, and a home appliance. The electronic
device according to the embodiments of the disclosure is not limited to the aforementioned devices.
[0137] It should be appreciated that various embodiments of the disclosure and the terms used therein are not intended
to limit the technological features set forth herein to particular embodiments and include various changes, equivalents,
or replacements for a corresponding embodiment. With regard to the description of the drawings, similar reference
numerals may be used to refer to similar or related elements. It is to be understood that a singular form of a noun
corresponding to an item may include one or more of the things, unless the relevant context clearly indicates otherwise.
As used herein, each of such phrases as "A or B," "at least one of A and B," "at least one of A or B," "A, B, or C," "at
least one of A, B, and C," and "at least one of A, B, or C," may include any one of, or all possible combinations of the
items enumerated together in a corresponding one of the phrases. As used herein, such terms as "1st" and "2nd," or
"first" and "second" may be used to simply distinguish a corresponding component from another, and does not limit the
components in other aspect (e.g., importance or order). It is to be understood that if an element (e.g., a first element) is
referred to, with or without the term "operatively" or "communicatively", as "coupled with," "coupled to," "connected with,"
or "connected to" another element (e.g., a second element), it means that the element may be coupled with the other
element directly (e.g., wiredly), wirelessly, or via a third element.
[0138] As used herein, the term "module" may include a unit implemented in hardware, software, or firmware, and
may interchangeably be used with other terms, for example, "logic," "logic block," "part," or "circuitry". A module may be
a single integral component, or a minimum unit or part thereof, adapted to perform one or more functions. For example,
according to an embodiment, the module may be implemented in a form of an application-specific integrated circuit (ASIC).
[0139] Various embodiments as set forth herein may be implemented as software (e.g., the program 2040) including
one or more instructions that are stored in a storage medium (e.g., internal memory 2036 or external memory 2038) that
is readable by a machine (e.g., the electronic device 2001). For example, a processor(e.g., the processor 2020) of the
machine (e.g., the electronic device 2001) may invoke at least one of the one or more instructions stored in the storage
medium, and execute it, with or without using one or more other components under the control of the processor. This
allows the machine to be operated to perform at least one function according to the at least one instruction invoked. The
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one or more instructions may include a code generated by a compiler or a code executable by an interpreter. The
machine-readable storage medium may be provided in the form of a non-transitory storage medium. Wherein, the term
"non-transitory" simply means that the storage medium is a tangible device, and does not include a signal (e.g., an
electromagnetic wave), but this term does not differentiate between where data is semi-permanently stored in the storage
medium and where the data is temporarily stored in the storage medium.
[0140] According to an embodiment, a method according to various embodiments of the disclosure may be included
and provided in a computer program product. The computer program product may be traded as a product between a
seller and a buyer. The computer program product may be distributed in the form of a machine-readable storage medium
(e.g., compact disc read only memory (CD-ROM)), or be distributed (e.g., downloaded or uploaded) online via an appli-
cation store (e.g., PlayStore™), or between two user devices (e.g., smart phones) directly. If distributed online, at least
part of the computer program product may be temporarily generated or at least temporarily stored in the machine-
readable storage medium, such as memory of the manufacturer’s server, a server of the application store, or a relay server.
[0141] According to various embodiments, each component (e.g., a module or a program) of the above-described
components may include a single entity or multiple entities. According to various embodiments, one or more of the
above-described components may be omitted, or one or more other components may be added. Alternatively or addi-
tionally, a plurality of components (e.g., modules or programs) may be integrated into a single component. In such a
case, according to various embodiments, the integrated component may still perform one or more functions of each of
the plurality of components in the same or similar manner as they are performed by a corresponding one of the plurality
of components before the integration. According to various embodiments, operations performed by the module, the
program, or another component may be carried out sequentially, in parallel, repeatedly, or heuristically, or one or more
of the operations may be executed in a different order or omitted, or one or more other operations may be added.

Claims

1. A diffusion lens (100) comprising:

a first lens surface (110) having a concave curved shape such that light generated from a light source (10a) is
incident on the first lens surface (110);
a second lens surface (120) having a convex curved shape such that part of the light incident on the first lens
surface (110) is output from the second lens surface (120);
a side surface (130) extending from a periphery of the second lens surface (120) in a vertical direction of the
diffusion lens (100) such that part of the rest of the light incident on the first lens surface (110) is output from
the side surface (130); and
a bottom surface (140) extending from a periphery of the first lens surface (110) in a horizontal direction of the
diffusion lens (100) to meet a periphery of the side surface (130),
wherein rates of change of the first lens surface (110) and the second lens surface (120) have the same sign, and
wherein a pattern in which arbitrary shapes are irregularly disposed or a pattern in which specified shapes are
regularly or irregularly disposed is formed on the side surface (130) and the bottom surface (140) to diffuse the
light passing through the side surface (130) and diffuse the light reflected by the bottom surface (140),
characterized in that
the pattern on the bottom surface (140) is formed on part of the bottom surface (140), wherein a diameter ratio
d/D between a diameter "d" of a region where the pattern of the bottom surface (140) is formed and a diameter
"D" of the bottom surface (140) ranges from 0.90 to 0.94.

2. The diffusion lens (100) of claim 1, wherein the first lens surface (110) and the second lens surface (120) have
elliptical vertical sections and are formed according to Equation below, and A2 is not 0 when the second lens surface
(120) is formed, 

here, c is a curvature of a lens, k is a conic constant, and A1 to An are aspheric coefficients.

3. The diffusion lens (100) of claim 2, wherein the first lens surface (110) has a conic constant -1 < k1 < 0, and
wherein the second lens surface (120) has a conic constant 0 < k2 < 20.

4. The diffusion lens (100) of claim 3, wherein a curvature c1 of the first lens surface (110) and an effective diameter
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D1 of the first lens surface (110) have the relation 5 < c1*D1 < 15, and
wherein a curvature c2 of the second lens surface (120) and an effective diameter D2 of the second lens surface
(120) have the relation the relation 0.5 < c2*D2 < 2.

5. The diffusion lens (100) of claim 1, wherein the pattern in which the arbitrary shapes are irregularly arranged is
formed by etching the side surface (130) and the bottom surface (140).

6. The diffusion lens (100) of claim 1, wherein the plurality of specified shapes on the side surface (130) are one of
hemisphere shapes (131), semicircular tube shapes (133), or triangular tube shapes (135).

7. The diffusion lens (100) of claim 6, wherein the hemisphere shapes (131) on the side surface (130) have a radius
ranging from 0.05 mm to 0.15 mm.

8. The diffusion (100) lens of claim 1, wherein the arbitrary shapes on the side surface (130) have a height of 100mm
or less.

9. The diffusion lens (100) of claim 1, wherein the plurality of specified shapes on the bottom surface (140) are one of
pyramid shapes (143), triangular prism shapes, or hemisphere shapes.

10. The diffusion lens (100) of claim 1, wherein the plurality of specified shapes on the bottom surface (140) are radially
disposed.

11. The diffusion lens (100) of claim 1, wherein the plurality of specified shapes on the bottom surface (140) are randomly
disposed.

12. The diffusion lens (100) of claim 11, wherein the plurality of specified shapes on the bottom surface (100) include
a specified number of shapes disposed in a specified region.

13. The diffusion lens (100) of claim 1, wherein the arbitrary shapes on the bottom surface (140) have a height of 30mm
or less.

Patentansprüche

1. Diffusionslinse (100), umfassend:

eine erste Linsenfläche (110), die eine konkav gekrümmte Form aufweist, so dass von einer Lichtquelle (10a)
erzeugtes Licht auf die erste Linsenfläche (110) fällt;
eine zweite Linsenfläche (120), die eine konvex gekrümmte Form aufweist, so dass ein Teil des auf die erste
Linsenfläche (110) einfallenden Lichts von der zweiten Linsenfläche (120) ausgegeben wird;
eine Seitenfläche (130), die sich von einem Umfang der zweiten Linsenfläche (120) in einer vertikalen Richtung
der Diffusionslinse (100) erstreckt, so dass ein Teil des restlichen auf die erste Linsenfläche (110) einfallenden
Lichts von der Seitenfläche (130) ausgegeben wird; und
eine Bodenfläche (140), die sich von einem Umfang der ersten Linsenfläche (110) in einer horizontalen Richtung
der Diffusionslinse (100) erstreckt und auf einen Umfang der Seitenfläche (130) trifft,
wobei Änderungsraten der ersten Linsenfläche (110) und der zweiten Linsenfläche (120) das gleiche Vorzeichen
haben, und
wobei ein Muster, in dem beliebige Formen unregelmäßig angeordnet sind, oder ein Muster, in dem vorgegebene
Formen regelmäßig oder unregelmäßig angeordnet sind, auf der Seitenfläche (130) und der Bodenfläche (140)
ausgebildet ist, um das durch die Seitenfläche (130) hindurchgehende Licht zu streuen und das von der Bo-
denfläche (140) reflektierte Licht zu streuen,
dadurch gekennzeichnet, dass
das Muster auf der Bodenfläche (140) auf einem Teil der Bodenfläche (140) ausgebildet ist, wobei ein Durch-
messerverhältnis d/D zwischen einem Durchmesser "d" eines Bereichs, in dem das Muster der Bodenfläche
(140) ausgebildet ist, und einem Durchmesser "D" der Bodenfläche (140) im Bereich von 0,90 bis 0,94 liegt.

2. Diffusionslinse (100) nach Anspruch 1, wobei die erste Linsenfläche (110) und die zweite Linsenfläche (120) ellip-
tische vertikale Abschnitte aufweisen und gemäß der nachstehenden Gleichung ausgebildet sind und A2 nicht 0
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ist, wenn die zweite Linsenfläche (120) ausgebildet ist, 

wobei c eine Krümmung einer Linse ist, k eine konische Konstante ist und A1 bis An asphärische Koeffizienten sind.

3. Diffusionslinse (100) nach Anspruch 2, wobei die erste Linsenfläche (110) eine konische Konstante -1 < k1 < 0
aufweist, und
wobei die zweite Linsenfläche (120) eine konische Konstante 0 < k2 < 20 aufweist.

4. Diffusionslinse (100) nach Anspruch 3, wobei eine Krümmung c1 der ersten Linsenoberfläche (110) und ein effektiver
Durchmesser D1 der ersten Linsenoberfläche (110) die Beziehung 5 < c1*D1 < 15 haben, und
wobei eine Krümmung c2 der zweiten Linsenfläche (120) und ein effektiver Durchmesser D2 der zweiten Linsenfläche
(120) die Beziehung 0,5 < c2*D2 < 2 haben.

5. Diffusionslinse (100) nach Anspruch 1, wobei das Muster, in dem die beliebigen Formen unregelmäßig angeordnet
sind, durch Ätzen der Seitenfläche (130) und der Bodenfläche (140) ausgebildet wird.

6. Diffusionslinse (100) nach Anspruch 1, wobei die Vielzahl der vorgegebenen Formen auf der Seitenfläche (130)
eine von Halbkugelformen (131), halbkreisförmigen Rohrformen (133) oder dreieckigen Rohrformen (135) ist.

7. Diffusionslinse (100) nach Anspruch 6, wobei die Halbkugelformen (131) auf der Seitenfläche (130) einen Radius
im Bereich von 0,05 mm bis 0,15 mm aufweisen.

8. Diffusionslinse (100) nach Anspruch 1, wobei die willkürlichen Formen auf der Seitenfläche (130) eine Höhe von
100 mm oder weniger haben.

9. Diffusionslinse (100) nach Anspruch 1, wobei die Vielzahl der vorgegebenen Formen auf der Bodenfläche (140)
eine von Pyramidenformen (143), dreieckigen Prismenformen oder Halbkugelformen ist.

10. Diffusionslinse (100) nach Anspruch 1, wobei die Vielzahl der vorgegebenen Formen auf der Bodenfläche (140)
radial angeordnet ist.

11. Diffusionslinse (100) nach Anspruch 1, wobei die Vielzahl der vorgegebenen Formen auf der Bodenfläche (140)
zufällig angeordnet ist.

12. Diffusionslinse (100) nach Anspruch 11, wobei die Vielzahl der vorgegebenen Formen auf der Bodenfläche (100)
eine vorgegebene Anzahl von Formen umfasst, die in einem vorgegebenen Bereich angeordnet sind.

13. Diffusionslinse (100) nach Anspruch 1, wobei die willkürlichen Formen auf der Bodenfläche (140) eine Höhe von
30 mm oder weniger haben.

Revendications

1. Lentille de diffusion (100), comprenant :

une première surface de lentille (110) ayant une forme incurvée concave de sorte que la lumière générée par
une source lumineuse (10a) est incidente sur la première surface de lentille (110) ;
une deuxième surface de lentille (120) ayant une forme incurvée convexe de sorte qu’une partie de la lumière
incidente sur la première surface de lentille (110) est émise par la deuxième surface de lentille (120) ;
une surface latérale (130) s’étendant à partir d’une périphérie de la deuxième surface de lentille (120) dans
une direction verticale de la lentille de diffusion (100) de sorte qu’une partie du reste de la lumière incidente sur
la première surface de lentille (110) est émise par la surface latérale (130) ; et
une surface inférieure (140) s’étendant à partir d’une périphérie de la première surface de lentille (110) dans
une direction horizontale de la lentille de diffusion (100) pour rejoindre une périphérie de la surface latérale (130),
dans laquelle des taux de variation de la première surface de lentille (110) et de la deuxième surface de lentille
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(120) ont le même signe, et
dans laquelle un motif dans lequel des formes arbitraires sont disposées de manière irrégulière ou un motif
dans lequel des formes spécifiées sont disposées de manière régulière ou irrégulière est formé sur la surface
latérale (130) et la surface inférieure (140) pour diffuser la lumière passant à travers la surface latérale (130)
et diffuser la lumière réfléchie par la surface inférieure (140),
caractérisée en ce que
le motif sur la surface inférieure (140) est formé sur une partie de la surface inférieure (140), un rapport de
diamètre d/D entre un diamètre "d" d’une région où le motif de la surface inférieure (140) étant formé et un
diamètre "D" de la surface inférieure (140) est compris entre 0,90 et 0,94.

2. Lentille de diffusion (100) de la revendication 1, dans laquelle la première surface de lentille (110) et la deuxième
surface de lentille (120) ont des sections verticales elliptiques et sont formées selon l’équation ci-dessous, et A2
est différent de 0 lorsque la deuxième surface de lentille (120) est formée, 

c étant la courbure d’une lentille, k étant une constante conique, et A1 à An étant des coefficients asphériques.

3. Lentille de diffusion (100) de la revendication 2, dans laquelle la première surface de lentille (110) a une constante
conique -1 < k1 < 0, et
dans laquelle la deuxième surface de lentille (120) présente une constante conique 0 < k2 < 20.

4. Lentille de diffusion (100) de la revendication 3, dans laquelle une courbure c1 de la première surface de lentille
(110) et un diamètre effectif D1 de la première surface de lentille (110) ont la relation 5 < c1*D1 < 15, et
dans laquelle une courbure c2 de la deuxième surface de lentille (120) et un diamètre effectif D2 de la deuxième
surface de lentille (120) présentent la relation 0,5 < c2*D2 < 2.

5. Lentille de diffusion (100) de la revendication 1, dans laquelle le motif dans lequel les formes arbitraires sont
disposées de manière irrégulière est formé par gravure de la surface latérale (130) et de la surface inférieure (140).

6. Lentille de diffusion (100) de la revendication 1, dans laquelle la pluralité de formes spécifiées sur la surface latérale
(130) est l’une des formes d’hémisphère (131), des formes de tube semi-circulaire (133) ou des formes de tube
triangulaire (135).

7. Lentille de diffusion (100) de la revendication 6, dans laquelle les formes hémisphériques (131) sur la surface latérale
(130) ont un rayon allant de 0,05 mm à 0,15 mm.

8. Lentille de diffusion (100) de la revendication 1, dans laquelle les formes arbitraires sur la surface latérale (130) ont
une hauteur de 100mm ou moins.

9. Lentille de diffusion (100) de la revendication 1, dans laquelle la pluralité de formes spécifiées sur la surface inférieure
(140) est l’une des formes pyramidales (143), des formes de prisme triangulaire, ou des formes d’hémisphère.

10. Lentille de diffusion (100) de la revendication 1, dans laquelle la pluralité de formes spécifiées sur la surface inférieure
(140) est disposée radialement.

11. Lentille de diffusion (100) de la revendication 1, dans laquelle la pluralité de formes spécifiées sur la surface inférieure
(140) est disposée de manière aléatoire.

12. Lentille de diffusion (100) de la revendication 11, dans laquelle la pluralité de formes spécifiées sur la surface
inférieure (100) comprend un nombre spécifié de formes disposées dans une région spécifiée.

13. Lentille de diffusion (100) de la revendication 1, dans laquelle les formes arbitraires sur la surface inférieure (140)
ont une hauteur de 30mm ou moins.
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